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PREFACE

1 The map (fig. 1) was done as a companion to the geologic map
of the Albuquerque Basin published in Memoir 33 (Kelley, 1977).
These two maps cover most of the middle Rio Grande depression.
Most of the field work was done between September 1976 and
September 1977. During my career at the University of New Mexico
1 worked broadly through the basin in the early fifties and mapped a
number of places locally or supervised student mapping. However,
the wealth of stratigraphic, geomorphic, and structural relationships
in the basin did not become apparent until the present total field
study. The early work of Kirk Bryan and his students, in particular
Cabot, Denny, and Smith, laid the groundwork for those of us who
have come lately to study in the rift. The greatest immediate help to
me has been the recent stratigraphic and paleontologic work of
Galusha and Blick (1971) in which they identified two previously
unrecognized formations, the Chama-El Rito and Ojo Caliente, in
addition to several mammalian faunal units.

2 To complete the present map of the basin, the geologic map by
Smith, Bailey, and Ross (1970) was incorporated, with very little
modiﬁcayion, into fig. 1. Maps by Disbrow and Stoll (1957), Miller,
Montgomery, and Sutherland (1963), Spiegel and Baldwin (1963),
and Bingler (1968) have also been used locally with modifications.
Public Service Land Company, University of New Mexico Research
Allocations Committee, the Geoscience Group at Los Alamos Scien-
tific Laboratory, and the New Mexico Bureau of Mines and Mineral
Resources financially supported various parts of the work.

GEOGRAPHY

3  The term, Espafiola Basin, denotes a geologic feature that is an
expansion of the better known Espafiola Valley. Both the valley and
basin are centered around the confluence of the Rio Grande with its
principal tributary, the Rio Chama, at the town of Espaifiola. Both
rivers are fed by numerous tributaries from the surrounding moun-
tains. Notable among these are: the El Rito and Ojo Caliente on the
north; Embudo, Truchas, Santa Cruz, Pojoaque, and Santa Fe on
the east; and Santa Clara and Frijoles on the west. Altitudes along
the Rio Grande are 6,050 ft on the north to 5,300 ft on the south.
The valley is almost enclosed by either high mountains or high
mesas on all sides. Of the mountains, the great Sangre de Cristo
chain, rising to 13,101 ft, dominates the whole eastern side; the
Jemez Mourmntains, rising to 11,551 ft, are almost equally prominent
on the southwest; to the north are the lower southern ridges of the
Brazos and Tusas Mountains, rising to only about 6,950 ft. Between
the mountain eminences are other high features such as Pajarito
Plateau and Lobato Mesa in the vicinity of the Jemez Mountains,
Black Mesa to the north between the Rio Chama and Rio Grande
valleys, and Cerros del Rio on the south.

4 Drainage outlet of the valley and basin is principally through a
1,000-foot-deep gorge eroded across Cerros del Rio and Pajarito
Plateau. The main longitudinal drainage inlet to the valley is
sharply confined in the Rio Grande Gorge cut into the Taos Plateau
to the north. Three principal towns lie in the valley: Santa Fe at the
base of the Sangre de Cristo Range, Los Alamos on Pajarito Plateau,
and Espafiola near the junction of the Rio Grande and Chama
Rivers. The Espafiola Basin is part of the long north-south Rio
Grande valley and geologic depression that divides New Mexico (fig.
2).

BASEMENT ROCKS

5 Basement rocks are most commonly considered to be the
ancient granitic and metamorphic rocks upon which various younger
sedimentary rocks rest. However, the really significant stratigraphy
in the Espaifiola Basin is late Cenozoic mud, sand, and gravel that
filled the subsiding trough. Thus, anything beneath the late Tertiary
Santa Fe Group may be considered basement. The Santa Fe is prob-
ably little more than 20-25 m.y. old. In the Espaiiola Basin a diag-
onal northwest-trending line through Espafiola would separate a
northeastern part in which the basin fill rests mostly on the Pre-
cambrian crystalline basement from a southwestern part in which a
wedge of Paleozoic, Mesozoic, and early to middle Tertiary rocks
intervenes between the basin fill and the Precambrian. The details of
what lies immediately beneath the basin are largely unknown except
for exposures along the borders.

6  The Precambrian crystalline rocks consist of granite, gneiss,
quartzite, various schists, and greenstone. The granitic rocks lie
mostly in the Sangre de Cristo Range between Peflasco and Santa
Fe; the metamorphic schists and quartzites occur mostly in the
Picuris and Brazos ridges. Paleozoic rocks consist principally of
marine Pennsylvanian limestone, sandstone, shale, and a continental
Permian sequence of sandstone, shale, and conglomerate often red-
dish in color. The marine Pennsylvanian outcrops are confined to
the Sangre de Cristo uplift. In many places north of Santa Fe, the
Santa Fe Group either rests unconformably on limestone beds or is
faulted against them. These occurrences of the limestone of the
Magdalena Formation are rather thin and spotty; where absent the
Santa Fe is in contact with Precambrian rocks. East and southeast of
Pefiasco a considerable thickness of Pennsylvanian extends from the
basin margin eastward across the entire range; apparently some
Pennsylvanian must underlie the Santa Fe in a small area south of
Pefiasco. Around the Picuris Mountains, which run westerly as a
bedrock uplift into the Rio Grande rift, the Santa Fe rests mostly
upon, or is faulted against, Precambrian schist, granite, and quartz-
ite.

7  In the northern end of the basin, Santa Fe beds, which are
commonly a volcanic facies, rest on Precambrian crystalline rocks.
The basement here was quite rugged at the onset of burial as evi-
denced by abruptly rising ridges and peaks through the covering
Santa Fe. These ridges are the southeastern end of the ancestral
Rockies, the southeastern part of the Uncompahgre-San Luis uplift
that rose in Late Pennsylvanian to Jurassic time. The buried ridge
and peak terrain may continue beneath the basin between the end
of the Brazos ridges and the Picuris uplift that extends westward
from the Sangre de Cristo border. Attesting to this likelihood is the
anomalous Cerro Azule (secs. 29 and 30, T. 24 N., R. 10 E.), a
quartzite hill rising through the Santa Fe beds 4-8 mi from bedrock
to the east or west.

8  Along the northwestern side across the main Chama drainage
system, bedrock for the Santa Fe ranges from Triassic to early Ter-
tiary; variations of this relationship extend beneath the high vol-
canic pile of the Jemez Mountains.

BASIN STRATIGRAPHY

9  The name “Santa Fe marls” was early given by Hayden (1869,
p. 60, 69) to beds exposed north of Santa Fe, New Mexico. In 1938,
after much regional study of the basin fill, Bryan (1938, p. 205)
observed that “The main body of sedimentary deposits of the Rio
Grande depression, from the north end of the San Luis Valley,
Colorado to and beyond El Paso is considered to be of the same
general age and to belong to the Santa Fe Formation.” About the
same time, a Harvard student of Bryan, H. T. U. Smith (1938, p.
301), recognized a white volcanic tuff, ash, and gravel unit, which
he named Abiquiu formation, beneath the Santa Fe in the Abiquiu
area. Later Spiegel and Baldwin (1963, p. 38-39), in detailed map-
ping around Santa Fe, used the term “Santa Fe Group,” a larger
stratigraphic term embracing several formations. To do this they had
to introduce a new term, Tesuque Formation. Thus, the Santa Fe
Group included: 1) the high pediment gravel around Santa Fe,
which they named Ancha Formation, 2) the basaltic volcanic field
10-15 mi west of Santa Fe, 3) the Abiquiu formation, and 4) the
Tesuque Formation, which is essentially the same as the original
Santa Fe Formation of Hayden and embraced all the beds of the
Espafiola Valley nearly to Abiquiu.

10  From almost the first recognition of the Santa Fe beds, verte-
brate paleontologists (notably from the Frick Laboratory of the
American Museum of Natural History) had been combing the Santa
Fe outcrops of the Espafiola Basin for fossil vertebrates. Their long
painstaking efforts yielded a great fauna, including most notably
horses, camels, reptiles, dogs, beavers, rodents, and antelopes (Galu-
sha, 1974, p. 286). This work enabled Galusha and Blick (1971,
p. 30-32) to partly map and propose several new members of the
Tesuque Formation (of Spiegel and Baldwin) and one new forma-
tion. Galusha and Blick used a double terminology for the west
(Abiquiu) and east (Espafiola Valley) sides of the basin. Some, but
not all, of these units fit the requirement of a formation, namely
that it be lithologically mappable in the field. Some of the divisions,
particularly in the eastern half, are not lithologically distinct enough
to recognize boundaries throughout the basin. However, with the
aid of numerous bed attitudes, the Galusha and Blick (1971, fig. 38)
boundaries are projected throughout the remainder of the east side
of the basin.

11  In the central and west side of the basin their Chamita Forma-
tion cannot be mapped everywhere and therefore is included with
the Ojo Caliente or Tesuque Formation. The Chamita type section
of Galusha and Blick and a narrow strip east of US-64 between the
mouths of Truchas and Palicio Arroyos are shown as Chamita beds
on the basis of the vertebrate fossils. In the northwestern part of the
basin the Chama-El Rito and Ojo Caliente formations are mapped in
more detail, considerably beyond the extent of Galusha and Blick’s
map. The principal difference between the Santa Fe of Bryan’s days
and that of Spiegel and Baldwin was the addition of the Ancha
pediment gravel, which is generally not more than 50 ft thick. It is
separated almost everywhere from the original Santa I'e by an an-
gular unconformity.

12 In the present work the following steps are taken:

1) Ancha is removed from the Santa Fe

2) Tesuque is retained as a formation and restricted almost en-
tirely to the Espafiola Valley

3) Abiquiu Tuff of Smith (1938) is included as a formation of
the west side Santa Fe Group

4) Chama-El Rito and Qjo Caliente are used as formations

5) Nambe, Skull Ridge, and Pojoaque members of Galusha and
Blick are dropped as conventional map units and considered only as
faunal or bed zones (referring to them as beds of the Tesuque For-
mation is still useful)

6) Puye Formation is part of the Santa Fe Group

7) Picuris Tuff is included with the Santa Fe Group, which is
divided into six formations.

East side Tesuque Formation

13 Tesuque as a rock unit was introduced by Spiegel and Bald-
win (1963, p. 38-40). As used by them, it was the same as the
original Santa Fe marl of Hayden (1869). As used in this report, the
Tesuque is mostly the thick Santa Fe sequence east of the Rio
Grande, but does include the Santa Fe of the west side of White
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Rock Canyon and beneath the Puye cliffs of Pajarito Plateau. It also
includes the type Chamita beds. Its tilted outcrop width reaches
maximums of 18 mi from river outcrops to the basement outcrops
at the base of the Sangre de Cristos. The outcrop length between the
Precambrian of the Picuris salient and the Ancha cover west of
Santa Fe is about 39 mi. Based upon structure-section projections,
thicknesses are in excess of 8,000 to 9,000 ft near the Rio Grande.
As mentioned in paragraph 12, the east side Tesuque had been
divided largely on the basis of mammalian fossils into Nambe, Skull
Ridge, Pojoaque, and Chamita from east to west and stratigraph-
ically upward.

Nambe beds

14  The Nambe beds form an outcrop belt 3-5 mi wide next to
the base of the Sangre de Cristo Mountains. Between Santa Fe and
Chimayo the thickness projects as 3,000 to 3,400 ft. The Nambe is
dominantly grayish to tan fanglomerate, granite wash, conglom-
eratic sandstone, and coarse feldspathic sandstone especially in the
lower part. From about Hondo Canyon, south of Santa Fe, north-
ward to a mile or so north of Tesuque Canyon there is a basal
light-grayish unit of volcanic fanglomerate and sandstone termed
“Bishops Lodge Member” of the Tesuque by Spiegel and Baldwin
(1963, p. 43-45). North of Bishops Lodge the interval grades into
light-colored granitic fanglomerates, in which tuffaceous beds are
only locally present. Bishops Lodge member is probably a volcanic
derivative of the Espinaso Formation. Galusha and Blick (1963, p.
45) believe that the Bishops Lodge beds are extensions of the Picuris
Tuff. However, the absence of the volcanic materials at or near the
base in many intervening exposures of the basal section makes such
a relationship unlikely. Amygdaloidal basalt sheets occur locally in
the Bishops Lodge and farther north. Previous workers have identi-
fied the basalt as flows, but the rocks are instead intrusions as
indicated by coarse texture, variable position in the Nambe, and red
baking of the overlying beds in places.

15  Minor intervals of reddish, purplish, and gray mudstones are
distributed throughout the Nambe including some places at or very
near the basement rocks. Buff to light-pinkish, fine- to medium-
grained sandstone beds, locally conglomeratic or containing con-
glomerate lenses, make up the bulk of the upper half of the Nambe.
Local, thin, whitish, water-laid or air-fall tuff beds occur also in the
upper part of the sequence. The presence of mudstone at and near
the Precambrian depositional contacts suggests that the basal beds,
as well as hundreds of feet of overlying beds, may have had deposi-
tional edges 5 to 10 mi east of their present positions. The present
position resulted from tilting, ensuing stripping, and pedimenting
truncation.

Picuris Tuff

16 ~ The Picuris Tuff was first mapped and named by Cabot
(1938, p. 91) from exposures around and in the Picuris salient. This
unit is almost 1,200 ft thick and consists principally of whitish
rhyolite tuff beds, tuffaceous sandstone, rhyolitic conglomerate,
and a number of reddish-brown to pinkish mudstones. The latter
beds are identical to such beds in the Tesuque Formation. Field
relationships suggest that the Santa Fe beds overlying the Picuris
along the northern margin of the Pefiasco embayment are not the
lowest of the Tesuque beds along the southern side of the embay-
ment nor as low or lower than the lowest Nambe beds resting on
Precambrian basement east of Nambe. The Picuris volcanics and
Tesuque Formation seem to have a gradational and intertonguing
relationship similar to the relationship between the Abiquiu Tuff
and Chama-El Rito formation along the northwest side of the
Espafiola Basin.

Skull Ridge beds

17  Skull Ridge beds crop out as a north-trending belt 3-4 mi
wide along the western part of R. 9 E. between the Santa Fe and
Santa Cruz Rivers, a distance of about 23 mi. North of Santa Cruz
River the belt runs northeasterly up the steep and rugged slopes of
Mesa de la Ceja where the belt narrows to about 2 mi wide. North of
the high Ceja rim the belt widens to as much as 5 mi in a broad
flattish syncline that plunges to the basin from the Pefiasco embay-
ment. Map projections of boundaries of the Skull Ridge are general;
an effort to show the veeing into the several deep canyons that cross
the upper boundary of the Skull Ridge is not warranted. Projections
suggest that the beds south of Embudo Creek in the Dixon area are
Skull Ridge and that little, if any, Nambe is exposed along this
stretch of the Santa Fe onlap of the Precambrian of the Picuris
uplift.

18  Structure projections of the Skull Ridge belt in the southern
part suggest thicknesses of 900 to 1,400 ft. Skull Ridge beds are
dominantly thick, buff to light-pinkish sandstone. Most are parallel
bedded, but locally large crossbeds clearly indicate an aeolian origin
in part. The sand is fine to medium grained except in some pebbly
sand lenses where sand sizes are coarse. Conglomeratic and fanglom-
eratic beds are common but lenticular and quite variable in abun-
dance along the belt. Fanglomeratic beds are, in general, more
abundant and coarser west of Santa Fe in T. 17 N. and in the
Pehasco embayment T. 21 and 22 N. Reddish-brown, purplish,
greenish, and gray mudstones are minor but widespread in beds up
to about 20 ft thick. Water-laid, whitish to grayish ash beds are a
minor, but striking, part of the Skull Ridge. Beds are mostly 1-2 ft
thick, some about 8 ft thick. Some ash layers crop out no more than
a few tens of feet. Most are probably less than 1 mi in extent; a few
may be traced for several miles. Galusha and Blick (1963, fig. 17)
show 38 ash beds in a columnar section of the Skull Ridge.

Pojoaque beds

19  The Pojoaque beds of the Tesuque Formation occupy a belt
of outcrops 7-8 mi wide between the western edge of R. 9 E. and
the eastern margins of Pajarito Plateau. At Santa Cruz River the belt
swings northeastward and then east to a termination near Velarde
along the north flank of the Pefiasco embayment. The best expo-
sures occur in the bold ridges northwest of Pojoaque where the
Barrancos monocline steepens the beds in a 1%-mi-wide belt with
dips ranging from 8-22 degrees. Projection of the basal boundary of
the Pojoaque through the monocline, across the Rio Grande, and
into Pajarito Plateau yields a thickness of about 5,000 ft, with a
total Tesuque of 8,900-9,800 ft.

20 The Pojoaque lithology differs north-south much like the
Skull Ridge interval. Between the Pojoaque and Santa Cruz Rivers
the section contains little gravel. Instead it is largely a buff and
salmon-colored sandstone sequence with considerable intervals of
reddish-brown and gray mudstone. A few miles south of Pojoaque
River, fanglomerate appears near the bottom of the sequence and
near the top east of La Mesita volcano. Exposures are meager in the
Horcada Mesa area (T. 18 and 19 N., R. 8 E.), but evidently numer-
ous grayish gravelly beds are present even though sandstone and
mudstone probably are still dominant. North of Santa Cruz River
about 2 mi, thick fanglomerate intervals appear in secs. 29 and 30,
T. 21 N., R. 9 E.; the belt continues northeasterly and toward
Velarde.

21  Stratigraphy of the west side of the basin occurs largely west
of the Rio Grande in what is also referred to as the Abiquiu re-
entrant. The reentrant as defined lies between the Precambrian up-
lift blocks of the Brazos-Tusas ridges on the north and the large
volcanic pile of the Jemez Mountains on the south. Actually the
Santa Fe units continue beneath the mountains with some inter-
fingering of the earliest volcanics of the complex. The reentrant is
more physiographic than structural.

Ritito conglomerate

22  The Ritito conglomerate was identified by Barker (1958, p.
472) in an area north and northwest of Vallecitos in the Rio Valle-
citos drainage area..It was later mapped by Bingler (1968) in the El
Rito area. In the present work the unit is extended as far south as
the Rio Chama. The conglomerate consists of subrounded to angular
fragments ranging from pebbles to boulders up to 2-3 ft in diameter.
Fragments consist exclusively of Precambrian quartzite gneiss and
greenstone. In most places it is poorly consolidated and grayish to
white. It lies variously on Precambrian, Permian, Triassic, Jurassic,
and Eocene rocks. It is overlain by Abiquiu, and in the north by
volcanic equivalents, known as Los Pinos Formation. In the type
area of the Abiquiu Tuff a few miles north and east of Abiquiu the
Ritito typically rests on the bright reddish El Rito conglomerate and
is overlain by whitish Abiquiu beds. In this area the lower Ritito is
reddish, as though deriving some of its color from reworked El Rito.
The Ritito, however, is much more angular than the El Rito. Thick-
nesses range up to about 200 ft. H. T. U. Smith (1938, p. 945)
considered the gravels of the Ritito to be a basal, nonvolcanic part
of the Abiquiu Tuff.

Abiquiu Tuff

23  The Abiquiu Tuff (Smith, 1938), the lowest of the major
basin-fill beds mapped in the west side of Espafiola Basin, occurs
along the western edge of the basin in many faulted segments. In
some of these it is downfaulted on the western or northwestern side
against Permian, Triassic, Jurassic formations, and locally the Ritito
conglomerate. It also unconformably overlies rocks of these same
ages. The Abiquiu also occurs on the flat-lying beds of the Chama
Basin embayment of the Colorado Plateau as far west as about
Youngsville, well outside the Espafiola Basin.

24  The Abiquiu consists of generally thin parallel beds of rhyo-
litic whitish tuff, ash, and volcanic fanglomerate that are generally
more indurated than those of the overlying Santa Fe. Northward
into the El Rito drainage area the formation becomes coarser and
appears to have originated on alluvial plains by outwash from active
volcanic fields to the north. Projections of the Tesuque and the
Abiquiu Tuff in a structure section across the entire Espafiola Basin
strongly suggest that the Abiquiu is not the lowest unit in much of
the Abiquiu reentrant. The lower part of the Tesuque projects much
lower in the eastern part of the west side of the basin than does the
Abiquiu. Likely the Abiquiu thins in the subsurface by interfinger-
ing, to some extent, with the Chama-El Rito, Pojoaque, and Skull
Ridge beds of the Tesuque. Because of the great number of ash beds
in the Skull Ridge, it offers attractive possibilities for correlation, as
do the fine-grained units of the Abiquiu. The Abiquiu Tuff may
have come from centers in the type area around Abiquiu rather than
from sources far to the north. From exposures in the upper reaches
of Madera Canyon and to the high north and northwestern flanks of
Sierra Negra, the Abiquiu may have attained a maximum thickness
of 1,500 ft.

Chama-El Rito formation
25 Galusha and Blick (1971, p. 64) named the Chama-El Rito for
exposures in the bluffs east of El Rito between the Rio Chama and
the village of El Rito. They called it a member of the Tesuque
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Formation. Because Tesuque Formation is restricted here to the east
side of the basin, I consider the Chama-El Rito to be a formation.
However, it seems to intertongue along its distal parts with the
Pojoaque beds. The Chama-El Rito formation crops out in a belt
11-14 mi wide from the eastern part of Abiquiu Mountain to the
west base of Black Mesa on the south and 4-5 mi east of Ojo
Caliente on the north.

26  The Chama-El Rito formation consists of pinkish-tan, light-
reddish-brown, and buff sandstone with numerous layers of rounded
to subrounded volcanic gravel. The gravel ranges from granules to
cobbles but is mostly pebbly. Reddish-brown, grayish, and greenish
mudstones are also common. Where heavily granulitic, the volcanic
fragments may impart lavender or purplish colors to the outcrops.
The volcanic fragments are quite diverse in color and texture from
the rhyolites, latites, and andesites that contributed alluvium to the
beds. Although volcanic gravels are the hallmark of the formation,
some beds contain Precambrian crystalline fragments, especially
quartzite and dense gneiss. The presence of these fragments ranges
from rare to nearly equal in a few beds. Obviously, a considerable
central strip of the basin existed throughout subsidence and fill,
where alluvial material from the east and west merged, mixed, and
competed for depositional space. During Chama-El Rito time this
belt probably occurred along the Black Mesa divide, but in the north
was mostly a little east of the present Rio Grande.

27  In the south, the same belt of interfingering of eastern and
western sediments appears to have lain beneath Pajarito Plateau.
Thus, the critical band in which to find the mixing is largely ob-
scured by younger volcanics and sediments. An area of the mixing
and interfingering is along the Rio Grande Gorge between Embudo
and Rinconada and around Dixon along Embudo Canyon. Just east
of the Embudo fault on the road to Dixon, steeply dipping Tesuque
beds are upfaulted against Ojo Caliente sandstone to the west. The
roadcut exposes buff, reddish-brown, and gray sandstone and peb-
bly fanglomerate. The fragments are mostly Precambrian with about
30 percent rhyolitic and andesitic pebbles. A mile or so on up the
Rio Grande along US-68 just east of Rinconada, a roadcut exposes
cobbly volcanic fanglomerate with minor Precambrian fragments.
The divide between the Rio Grande and Embudo Creek consists of
reddish sandstone with much volcanic gravel like the above roadcut
exposure. The same beds can be seen in the roadcuts east of Dixon.
Stratigraphically up-section to the south of the road in the numer-
ous arroyos, however, all the gravels are exclusively Precambrian and
Pennsylvanian sediments clearly derived from the Sangre de Cristo

uplift some 10-20 mi east. The volcanic gravels in this area could
have come from either the San Juan-Tusas province to the north-

west -or from the volcanic fields in Sangre de Cristo north of Taos
and around Red River. However, measurement of fragments in tilted
imbricate positions yield a source somewhere between N. 10° E. and
N. 55° E., favoring the Taos to Red River area.

28 In the Black Mesa area much landslide along the eastern
slopes largely obscured possible areas of interfingering except for
exposures near Lyden, where much gravel is present in what must be
either high Pojoaque or Chamita beds. Fragments are all Precam-
brian and appear to have been derived from the east.

Ojo Caliente Sandstone

29  Galushd and Blick (1971, p. 67) named this unit for expo-
sures along the lower Rio Ojo Caliente. The most imposing ex-
posures occur in the steep slopes up Black Mesa along US-285.
Another large but somewhat remote area lies southwest of US-84
between the southern point of Black Mesa and the junction of El
Rito and the Rio Chama. The fine exposures along the Rio Ojo
Caliente have been traced during this work far to the north into the
Cahada de los Comanche, Rio Tusas, and Rio Vallecitos. Another
large area has been mapped west of La Madera and Cerro Colorado.
The more or less isolated strips along Rio Tusas north and south of
Petaca and along Rio Vallecitos between Ancones and Vallecitos
occur in downfaulted wedges. Another large area, much covered and
modified by landslides, lies along the steep western slopes of the Rio
Grande Gorge from about its entrance near Velarde to north of
Pilar. In this area, especially in the lava-capped mesa between the
Rio Grande Gorge and US-68, Precambrian fanglomerate beds
derived from the Picuris Mountains intertongue into the aeolian
sands of the Ojo Caliente Formation. Also in the ridge about one
mile northeast of Rinconada, Ojo Caliente beds sharply overlie
fanglomeratic and mudstone beds.

30 The Ojo Caliente lies on the Chama-El Rito more or less
conformably but in places with some transitional gradation and
interfingering. It is overlain by beds that Galusha and Blick named
Chamita. However, a consistently mappable contact cannot be iden-
tified even though differences in bedding, color, and minor lithology
are evident. For these reasons the Chamita has been included on the
geologic map in many places with the Qjo Caliente or other units.

31  The QOjo Caliente is preponderantly a windblown sand, typ-
ically massively thick bedded with a mix of crossbedded topset,
middleset, and bottomset beds. It is white, light gray, or pale pink.
The sand is usually quite uniform in size between fine and medium
grained. The degree of induration is variable but, in general, is rather
friable and can be dug into easily by hand. Locally, however, it is
differentially cemented into firm ledges. Numerous concretionary
forms occur, such as rounded balls, tubes, slabs, and columns, in
which the cementation is independent of the bedding. Local beds of
reddish siltstone and white ash beds are present.

32 A full measured section of the thickness is not possible to
obtain because of lack of continuous exposure. Two separate map
projections across the exposures in the southeastern part of T. 23
N., R. 8 E. yield a thickness of 1,300-1,400 ft excluding 100-200 ft
at the top, which may be Chamita beds. Similar Ojo Caliente thick-
nesses are likely in the large area between the Rio Chama and
Lobato Mesa, but considerable faulting complicates estimates.

33  The onset of spread and buildup of the Ojo Caliente dune
fields was brought about by aridity and strong prevailing winds.
Deposition need not have occurred across the whole width of the
basin; the width of the original dune field may not have been much
more than its present occurrences. The total width of all the out-
crops reaches a maximum of about 25 mi. Its observed length is at
least twice that much and may be three times as much considering
possible extensions beneath the Taos Plateau and the Jemez Moun-
tains. The immediate pre-existing Santa Fe deposits were an unlikely
source. However, the Ojo Caliente, as noted by Galusha and Blick
(1971, p. 70), bears much similarity to the Zia Sandstone (Kelley,
1977) of the Albuquerque Basin. The Zia is older, being middle
Miocene, whereas the Ojo Caliente appears to be either late Miocene
or early Pliocene. Field relationships south of the Jemez Mountains
are such that the Zia may possibly have been the source.

Chamita beds

34  The Chamita beds were identified by Galusha and Blick
(1971, p. 70) as being stratigraphically above and unconformably in
contact with the Qjo Caliente. They occur above the Qjo Caliente
along the western slope of Black Mesa. In this area, much covered
by talus, the beds occupy the upper 100-200 ft of the slope and are
overlain by pediment gravel or the basalt flows that hold up the
mesa. They differ from the Ojo Caliente in possessing few topset or
foreset beds, although some pumiceous sands or small pumice frag-
ments are present. Locally near the top some volcanic gravel occurs.
Although the main body of the Ojo Caliente is devoid of gravel or
volcanic fragments, it does have, locally, red sand or mudstone flat-
lying, noncrossbedded bottomset beds identical to much of the
Chamita. The beds high on the west side are the only ones that
might be mapped separately from the Ojo Caliente; but these beds
are neither the type section nor in continuity with the type section,
and hence are merely correlated with the type section northwest of
San Juan Pueblo.

35  The Chamita type section is mostly an isolated area, triangu-
lar in shape, east of the southern end of Black Mesa between the Rio
Chama and the Rio Grande. Here the Chamita cannot be seen to lie

on Ojo Caliente. The beds are much thicker than on the west side of

the Black Mesa; they possess more gravel and tuffaceous beds. Fur-
thermore, they have some beds especially stratigraphically low in
the exposures possessing both Precambrian and northern-type vol-
canic fragments. The Chamita beds may simply be high Pojoaque
beds that both intertongue with, and overlap in high parts, the Ojo
Caliente Sandstone.

Puye Formation

36  The Puye Formation occurs locally, being confined mostly to
the northern part of Pajarito Plateau north of Los Alamos Canyon.
It is strikingly exposed along the Pajarito bluffs overlying equiva-
lents of the Pojoaque, Chama-El Rito, and possibly Chamita beds.
Thickness ranges up to about 250 ft along the eastern escarpments.
Thickness increases westward up the larger canyons; a well in the
western part of Los Alamos logged (Griggs, 1964, p. 29) a thickness
of 725 ft. In the walls of Santa Clara Canyon the formation base can
be seen to descend westward by interfingering with Tesuque beds.
Farther up the canyon, the Puye also interfingers with flows from
the Tschicoma Formation. Some Los Alamos wells have encoun-
tered the Puye and also basalt that may be Lobato. At the base of
the Puye Formation Griggs (1964, p. 29) identified a largely Pre-
cambrian gravel and sand unit, 50-60 ft thick, which he named
Totavi Lentil. Minor fragments of volcanic rocks are present. The
Precambrian makeup of the gravel suggests that the bed might better
be included with the Pojoaque or Chamita beds of the Tesuque.

37  The Puye is capped variously by Ancha equivalent pediment
gravels and sand, which resemble Santa Fe beds, and also by gray
clays deposited in lakes formed by Cerros del Rio lava flows dam-
ming the Rio Grande. These beds are seen in roadcuts along NM-4 to
Los Alamos and along NM-5 to Puye Cliff Dwellings. Elsewhere on
the plateau the Puye is overlain by the Bandelier Tuff. Some
workers have correlated the Puye with the Ancha pediment gravels;
heretofore the unit has not been included with the Santa Fe Group.
Evidence for the inclusion with the Santa Fe lies in its interfingering
relationships with Santa Fe beds eastwardly and late Tertiary Tschi-
coma and Lobato Jemez volcanics westwardly.

POST-SANTA FE DEPOSITS

38  These deposits consist principally of high pediment gravels,
numerous levels of river terrace gravels of intermediate position and
age between the high pediments and the valley bottom alluvium,
landslides, sand dunes, and also volcanic flows and beds resting on
the high pediments. The most widespread pediment gravels are those
known as either the Servilleta formation (Miller and others, 1963)
or Ancha Formation (Baldwin, 1956). The Ancha pediment covers
much of the area south and west of Santa Fe; much of the city of

Lineaments of volcanic center alignments

Precambrian physiographic alignments
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Santa Fe is built on the Ancha. It is generally no more than 50.-ft
thick and consists of angular to subangular gravel ranging from peb-
bles to large boulders. It rests with moderate to slight angular
unconformity on the tilted Santa Fe and older formations including
the borders of the Sangre de Cristo uplift. To the west it abuts the
lava flows and tuffs of the Cerros del Rio. In places the gravel lies
below the eastern flows but elsewhere spreads out onto the edges of
the lava flows.

39 Ancha pediment gravels appear to have once covered much of
the Espafiola Basin. Evidence is in widely scattered remnants of
similar gravels at about the same altitude as the wide blanket at
Santa Fe. Most notable of the correlative pediments are those
around: 1) Truchas, Trampas, and Pefiasco; 2) the surface on Paja-
rito Plateau that lies on the Puye and beneath the Bandelier Tuff; 3)
Mesa Alto south of Abiquiu; 4) Pifion Mesa west of El Rito; 5)
Black Mesa; and 6) Taos Plateau. Gravels and associated basalt flows
in the Pefiasco embayment and on the Taos Plateau, termed by
earlier workers Servilleta formation (part of the Hinsdale series), are
labeled on the geologic map with the Ancha symbol. The Black
Mesa gravel and basalt as well as the surface gravel and uppermost
basalts of the Taos Plateau may be Ancha equivalents, but the thick
underlying basalt flows of the plateau gorge most surely erupted in
Santa Fe, late Pliocene time. In addition, numerous small outliers
aid in reconstructing a possible widespread late Pliocene to early
Pleistocene surface. In the Cerros del Rio volcanic field some of the
earliest rim flows rest on the same surface.

40  As in the Albuquerque Basin, still higher surfaces such as
those occupied by the Tschicoma and Lobato volcanics occur in the
northern Jemez Mountains, locally along the Sangre de Cristo Moun-
tains and perhaps locally in the Brazos-Tusas ranges.

41  Possibly the Servilleta gravel and basalt mapped by Miller and
others (1963) east of Vadito, T. 25-27 N., R. 12 E. is older than the
Ancha gravel mapped south of Rio Pueblo. There, Servilleta is about
200 ft higher than the north-dipping Ancha, only % mi to the south.
Also gravel patches on Precambrian rocks about 1.5 miles north of
Vadito (sec. 21, T. 23 N., R. 12 E.) are 400-600 ft above the Ancha.
Although these Servilleta patches could be and probably are in part
upfaulted, Manley (1976, p. 43) has obtained a K-Ar date on the
basalt of 5.11 + .84 m.y., distinctly older than the Ancha.

42  The geologic map symbol “Qa” (used in preference to “QTa”
for cartographic simplicity) includes pediments of Pliocene as well
as Quaternary deposits. Preliminary reconstruction of a basin-wide
Ancha (Servilleta) surface yields a form that is not completely
homologous. This is particularly true for most likely remnants in the
Abiquiu reentrant compared to Black Mesa and the Taos Plateau.

CENOZOIC IGNEOUS ROCKS

43 Most of the Cenozoic igneous rocks occur in the southwestern
part of the basin in a wide band that extends from the Cerrillos Hills
porphyry centers, northwesterly through the Cerros del Rio basaltic
centers, to the very large Jemez volcanic field (fig. 4). The Cerrillos
area consists of several monzonite porphyry centers and associated
extrusive latitic to andesitic flows and tuff breccias generally as-
signed to the Espinaso Formation of possible Oligocene-Miocene
age. In the Santa Fe River Canyon northwest of the hills are
younger limburgite flows, tuffs, and breccias. These rocks are in
turn overlain by the predominantly basaltic eruptions of the Cerros
del Rio volcanic field. The basal flows of this field are termed the
Cuerbio basalts. Built upon these flows are about a dozen local
volcanoes commonly displaying differentiation sequences ranging
from basalt to latite. More than 70 centers consisting of cinder
cones, plugs, and tuff rings are present.

44  The largest and most prominent of the volcanic fields are
those of the Jemez volcanic dome. The earliest rocks of the Jemez
Mountains are monzonitic intrusives and associated volcanics of the
Bland mining dlistrict, perhaps of the same origins and ages as the
Espinaso and associated stocks ai Cerrillos. However, the main part
of the Jemez volcanics consists of three groups subdivided by
Bailey, Smith, and Ross (1969): 1) Keres Group in the south, 2)
Polvadera Groujp mainly in the north, and 3) Tewa Group in central
and flanking piarts of the field. The Keres Group consists of an
earlier basalt-rhiyolite association and a later basalt-andesite-dacite-
rhyolite sequenice. The Polvadera Group in the central to northern
part consists of the Lobato basalt flows, Tschicoma latite to andes-
ite flows, tuffs, and breccias. The Tewa Group includes the products
of the great Valles caldera explosion and subsequent eruptions
within the colllapsing caldera. These eruptions are predominantly
rhyolite and are: dominated by the great Bandelier Tuff flows and air
falls.

45  Igneous rocks of the northern part of the basin are dominated
by the Cisneros Basalt of the Hinsdale series (Pliocene), principally
flood-basalt flows that moved into the basin from sources to the
north. The prominent Black Mesa north of Espaiiola and the rims of
the Rio Grande Gorge are capped by these flows. The volcanics of
the Brazos and Tusas country are referred to as the Los Pinos For-
mation. They are almost entirely alluvial in the basin area, having
been eroded from rhyolitic to andesitic eruptions to the north.
Finally a few scattered basaltic or andesitic plugs, flows, and tuff
rings are widely dispersed near Abiquiu, El Rito, Ojo Caliente, and
Petaca.

STRUCTURE

46  Espaiiola Basin is one of about eight similar fault troughs
trending northerly along the Rio Grande through most of New Mex-
ico and southern Colorado. These troughs comprise a physiographic
depression and an epiorogenic rift, the positions of which are rather
clearly controlled by pre-grabening Laramide (late Cretaceous-early
Tertiary) faulting and folding. The Espafiola Basin (2,000 sq mi) is a
kind of relay graben between two larger basins, Albuquerque (3,500
sq mi) to the south and San Luis (4,400 sq mi) to the north. The
relay aspect of the basin is shown in fig. 2 by an overall northeast-
erly trend across northern orogenic trends in the older border struc-
tures, particularly the Brazos and Cerrillos uplifts. Right (east-west)
offset of the San Luis Basin with respect to the Albuquerque Basin,
as linked by the Espafiola Basin, is about 35 mi. Espafiola Basin is
principally tilted westerly whereas Albuquerque and San Luis Basins
are principally tilted easterly. The internal stratigraphy and struc-
ture of the San Luis Basin is little or not at all exposed. Exposure is
little better in the Albuquerque basin where valley alluvium and
pediments are widespread and 70 percent of the basin fill is at
depth. The Espafiola geologic exposure is the most complete of the
entire rift. This condition came about by uplift of the Espafiola
Basin with respect to the Albuquerque Basin on the La Bajada fault
in late Pliocene to early Quaternary, followed by rapid youthful
dissection of the Espafiola Basin by the Rio Grande and its tribu-
taries. The eastern borders of all these basins are structurally more
prominent and more sharply and continuously defined than the
western borders.

47  The eastern border of Espafiola Basin is formed by the large
Sangre de Cristo uplift. Its relief is probably mostly Laramide. How-
ever, the uplift has been warped down to the west in late Tertiary
times as indicated by westward tilting of lower basin deposits as
much as 30 degrees. The Sangre de Cristo uplift plunges to an end
about 12 mi south of Santa Fe, and the adjoining basin shallows to a
terminus in the Santa Fe embayment. Near Chimayo the border
turns abruptly eastward into the Peiiasco embayment. The north
side of the embayment is formed by the westward-pointed Picuris
uplift or salient. The northwest side of the salient is largely formed
by the northeast-trending Embudo fault zone. Pefiasco embayment
is a late Tertiary east-west downwarp extending almost to the Rio
Grande. Likewise the Picuris salient appears to be iargely a late
upwarp.
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48  The western structural margin of the Espafiola Basin is com-
pletely covered by the Jemez volcanic pile for 30-40 mi between the
northern exposures of the Albuquerque Basin to the reappearances
in canyons south and west of Abiquiu. A right echelon of north-
northeast-trending faults (Gonzales, Cafiones, Cobre, and Frijoles)
each downthrown toward the basin, begins in T. 22 N., R. 4 E.
These faults with a group of lesser ones form the margin for 25 mi
almost to El Rito. From there northeasterly, the margin is made
irregular and complicated by the south-southeast-trending Tusas
faults that penetrate the northeast-trending faults of the basin mar-
gin. The result is an irregular interlocking of the two groups. The
Tusas group of faults tilt the formations eastward at low angles. The
northeast-trending faults are Seco, Ortega, and Cerro Colorado. Seco
and Ortega are downthrown toward the basin, but Cerro Colorado is
downthrown toward the basin border, resulting in a graben about 5
mi wide and 7 mi long cutting across the Tusas trend.

49  The northern termination of the Espafiola Basin is along a
west-northwest line connecting the end of the Picuris uplift near
Dixon with the southern end of the Cerro Colorado-La Madera Pre-
cambrian uplifts north and northeast of Ojo Caliente. The width of
the channel at this line is about 11 mi. Further evidence of constric-
tion is present within the channel in the form of a bedrock “‘island”
Cerro Azule that protrudes through the Santa Fe along the channel
near the southern end of the Taos Plateau in the southwestern cor-
ner of T. 24 N., R. 10 E.

50  The southern terminus is through what is referred to as the
White Rock channel. This channel roughly follows along the La
Bajada escarpment extending northward and then westward across
the flank of the Jemez volcanic field roughly and irregularly through
T. 17 N. to upfaulted Mesozoic rocks in R. 3 E. The distance across
the constriction is about 24 mi from the buried terminus of the
Cerrillos uplift in T. 16 N., R. 7 E. to the main uplifted border in
Paliza Canyon. There are, however, small upfault blocks in R. 3 and
6 E., the latter along the Los Alamos fault only about 9 mi south of
Los Alamos. The distance across White Rock channel to the bedrock
just east of St. Peters Dome near the Los Alamos fault is only about
14 mi.

51  Most of the above boundary relations have been known for a
long time (Kelley, 1952). Although new information about the bor-
ders is presented herein, the principal contribution to structure is
the considerable mapping of faults, folds, bed attitudes, and forma-
tion boundaries within the basin. This information has enabled con-
struction of a number of cross sections showing the basin form and
depth in a manner not possible previously.

52 The dominant structural feature within the basin is the broad
sag, whose overall axis is roughly along the Rio Grande. To the east
of this axis the beds dip westward through a 14-mile-wide homo-
cline that is the dominant aspect of the basin structure. West of the
axis, dips are generally lower and less uniform in direction even
though eastern to southerly inclinations are most common.

53 A complicated fault pattern modifies the basin sag in a man-
ner that suggests diverse controls rooted in pre-basin structures and
by differing and changing border actions that accompanied basin
subsidence. The Los Alamos-Embudo zone (trending generally
northeasterly near the axis of the sag) dominates the pattern of the
numerous trends and sets of faults. In this trend the southern part is
more irregular and downthrown on the east whereas the northern
(Embudo) part is more regular and downthrown on the west. East
and southeast of this trend most of the fault systems trend north-
erly. West of the trend most of the faults trend northerly or north-
easterly. In viewing the pattern as a whole, both west and east
halves, the dominant fault trends are northerly and somewhat diag-
onal to an overall northeasterly trend of the basin. This obliquity of
internal faults to the borders is similar to that of the Albuquerque
Basin to the south.

54  All faults are normal, and they form conjugate systems of
fault sets dipping either easterly or westerly throughout the basin.
These faults dip 50-80 degrees. East of Espafiola and Pojoaque, the
number of east-dipping faults is about the same as the number of
west-dipping faults. South of the Valles caldera, essentially all faults
are downthrown to the east nearly to the La Bajada fault. This
pattern is in striking contrast to the northwestern part of the basin
where faults, except for the border strip, are dominantly down-
thrown on the west. Faults of the southern end of the Tusas uplifts
also display this dominance. The exclusiveness of normal faults,
together with both east and west dips, indicates a minimum hori-
zontal east-west stress and corresponding extension of the basin
width during subsidence On the other hand, obliquity of the fault
systems with respect to the basin trend suggests some counterclock-
wise rotation or left shift in the rift and its borders.

55 In the Sangre de Cristo uplift a number of long lines (com-
prised of short dashes) are drawn along straight canyons that may
follow faults. A few of these lead into faults at the basin margin;
however, for the most part, the basin fault trends appear unrelated
to these lineaments in the pre-basin rocks. Similar lineaments have
been drawn on aligned volcanic centers both in the Cerros del Rio
and Jemez volcanic areas. Such alignments are most usually due to
buried faults along which volcanic feeders rose.

56  In summary, the Espafiola Basin appears to have subsided and
been largely filled by the Santa Fe deposits during Miocene and
early Pliocene. Marked tilting, faulting, erosion, and protracted pedi-
mentation appear to have taken place during most of Pliocene and
earliest Quaternary. Perhaps as much as 30 percent of the maximum
volume of Santa Fe deposits have been removed during and follow-
ing the Pliocene deformation. At culmination of the great Ancha
pedimentation the basin physiography probably resembled that of
the present San Luis Basin in Colorado—a smooth valley floor spot-
ted with numerous volcanoes. The present youthful physiography
and badlands were brought about by Pleistocene uplift on the La
Bajada fault with respect to the Albuquerque Basin to the south.
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DESCRIPTION OF MAP UNITS

| Major floodplains-sand, gravel, mud

Valley and arroyo alluvium

Alluvial fans

| Landslide debris-with toreva blocks

Eolian sand-dunes and blankéts; arrows show longitudinal dunes
and streaks

Spring deposits—travertine

Terrace gravel

Banco Bonito Member-obsidian flow

El Cajete Member—air-fall pumice lapilli and blocks

Battleship Rock Member-ash flows

Valle Grande Member— domes, flows (Qwv), and tuffs (Qvvt)

- Redondo Creek Member—dome, flows, and flow breccias

- Caldera fill-between Redondo Creek and Deer Canyon Members

Cerro Toledo Rhyolite- domes (Qct) and tuffs (Qctt)
- Deer Canyon Member—dome flow; tuff and breccia

- Cerro Rubio Quartz Latite-domes and flows

Bandelier Tuff-rhyolite ash flows and falls; pumice and breccias,
some welded

- El Rechuelos Rhyolite~domes; pumice and obsidian

Late basaltic cinder cones— 1-6

- Twin Hills alkali basalt — flows, 1-3

Cochiti basaltic andesite

Ortiz basalt and andesite— flows, 1-2

Montoso andesite

Colorado basalt and andesite— flows, 1-2

Portillo andesite — flows, 1-2

- Tetilla andesite — flows, 1-4
- Sixty-seven basalt

Tres Orejas basalt-local volcano on Taos Plateau

Cisneros Basalt—flows of Hinsdale Series on Black Mesa, Comanche
Rim, and Taos Plateau

Cuerbio Basalt-basalt flows of Caja del Rio Plateau — flows, 1-5

| El Alto basalt-local flows south of Abiquiu

An?ha Formation-pediment gravel on widespread erosion surface;
includes Servilleta gravel in the north and Ortiz gravel in the south;
straddles Quaternary-Tertiary

Tt Tschicoma Formation-latite, quartz latite, and pyroxene andesite
flows; some tuffs

Lobato Basalt-thick flows and cones

Bearhead Rhyolite-Tbp, flows and Peralta Tuff Member; Tbf, flows;
Thi, intrusions

Paliza Canyon Formation-Tpb, basalt; Tpa, andesite; Tpd, dacite flows

7%

\ - Canovas Canyon Rhyolite-flows and tuffs undivided; Tcci, intrusions

7

Puye Formation-latite and andesite gravel, sand, and local tuff;
intertongues with Tschicoma and Tesuque
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7] Ojo Caliente Sandstone-eolian cross-bedded massive sandstone; in-
| cludes Chamita beds (C) of Galusha and Blick and intertongues with
Pojoaque (P) and Skull Ridge (SR) beds of Galusha and Blick

Chama-El Rito Formation — buff to tan and reddish-brown sendstone
with much volcanic gravel and varicolored mudstones. West and
North basin; Jarita Basalt Member (Tscj)

{ \ "‘Féa | Abiquiu Tuff-whitish tuff, ash, and volcanic fanglomerate. West basin
/ AN :
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Ritito Conglomerate-Precambrian pebbles to boulders; subround to
angular. West basin

N \\%\\\i\\\ A
AR

Picuris Tuff-rhyolite tuff, tuffaceous sandstone, rhyolitic conglom-
erate, and reddish-brown to pinkish mudstone. East basin

| Tesuque Formation-buff sandstone, reddish-brown mudstone, fan-
| glomerate, and numerous white, thin, and local ash beds; gravel is
predominantly Precambrian fragments. Includes Nambe (N), Skull
Ridge (SR), Pojoaque (P), and Chamita (C) mammalian fauna beds
of Gelusha and Blick. East basin; Santa Fe basalt flow (Tsb)

- Intrusives and flows of Bland Canyon district

AT T T T
Uplift, rift, and
caldera faults

hatchures on
downthrown side

alida
D | Espinaso Formation-rhyolitic to andesitic tuff-breccios with some
basic flows
@ | EIl Rito Formation-reddish conglomerate, nonvolcanic. Northwest
(e basin
%
A | Galisteo Formation-sandstone, mudstone, and conglomerate; bright-
= | reddish colors distinctive. South basin
®

38° "] Mesaverde, Mancos, and Dakota formations-marine and nonmarine

shale, mudstone, sandstone, and conglomerate

- Morrison Formation-variegate mudstone, sandstone, and conglomerate.
Todilto Formation-gypsum and limestone. Entrada Sandstone

Chinle Formation-reddish-brown mudstone, buff to brown sandstone,
and minor conglomerate

Cutler Formation (west) -reddish-brown sandstone and mudstone.
Sangre de Cristo Formation (east) -reddish-brown sandstone and
mudstone with some limestone

N\ La Pasada, Flechado, and Alamitos Formations in Sangre de Cristos;
&i\\\\ Tererro, Espiritu Santo, and Del Padre Formations locally at base;
Magdalena equivalents near and south of Santa Fe and along upper

reaches of Jemez Canyon—-Compositions are dominantly limestone
along with shale, mudstone, sandstone, and conglomerate
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FIGURE 2—R10 GRANDE RIFT. FIGURE 3—STRATIGRAPHIC DIAGRAM OF SANTA FE GROUP AND RELATED ROCKS.
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FIGURE 1-GEOLOGIC MAP AND STRUCTURE SECTIONS OF ESPANOLA BASIN .

(scale 1:125,000

1
. .
2 ) 1. 2 3 L 5 6 7 8 9 Miles
3000 1500 o
o 3000 6000 9000 12000 Yards
5000 9 5000 10000 15000 20000 25000 Feet
T o 3 2 3 e 5 6 Kilometers
1

Contour interval 100 feet
Datwin ts mean sea level



